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1 SCOPE AND FIELD CF APPLICATION

Description of a method for the determination of undigested and partially digested proteins
(MW>14kD) in protein hydrolysates, products containing protein hydrolysates such as
hypoallergenic milks, extensively hydrolysed formulas, and starch for hypoallergenic formulas.

Compared to LI-08.082, this method is much more sensitive and allows 1o detect also traces of
proteins and peptides in extensively hydrolysed formulas such as Alfaré.

2 PRINCIPLE OF THE METHOD

Protein denaturation with sodium dodecyl sulphate (SDS), reduction of sulfur-sulfur bonds with
dithiotreitol {DTT) and alkylation of SH-groups with iodoacetamide. Separation of proteins and
protein fragments by SDS-PAGE (sodium dodecyl sulphate - polyacrylamide gel electrophoresis)
according to Laemmii {1970): when performing this type of electrophoresis the gel consists of a
stacking and a separation gel. The buffer compaosition, the pore size and the pH of the stacking
gel result in a concentration of the deposited proteins (isotachopheretic effect) and the diffusion
of the bands into the separation gel is considerably reduced. Separation of the proteins according
to their molecular weight. Silver staining of the proteins and evaluation by visual comparison with
molecular weight markers and a reference sample.

3 REAGENTS AND MATERIALS

Commercial references are only a guideline. Numbers in the margin refer gither {o the laboratory
matenzl catslogue ar to that of Merck's chemicals and reagens.
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3.1 Reagents

Before using chemicals refer to the Sigma/Aldrich Guide to Chemical Safety and/or other
adequate manuals or safety data sheets approved by your local authorities, Read carsfully the

safety instructions given in Enclosure 1. More detailed safely information can also be obtained
from R&D/QS.

Electrophoresis Calibration Kit Low Molecular Weight Protein Standard Pharmacia nir. 17-0445-01
Phastgel separation medium Homogeneous 20, MW range 2-150 KD Pharmacia nr. 17-0624-01
Phastgel SDS Buffer strips Pharmacia nr. 17-0516-01
Phastgel Sample Applicator 8/1 Pharmacia nr. 18-1618-01

63 - Acetic acid glacial 100 %
317 - Ethanol p.a., Fluka nr. 02860
317 - Hydrochloric acid fuming 37 %
1512 - Silver nitrate
4001 - Formaldehyde solution min. 35 %
4084 - Glycerol (about 87 %) GR
6008 - Methanol p.a.
6267 - Sodium acetate trihydrate
6392 - Sodium carbonate anhydrous
6518 - Sodium thiosuifate pentahydrate
8122 - Bromophenol blue
8382 - Tris(thydroxymethyl)aminomethane GR
Sodium dodecyl sulphate salt, Serva nr. 20780
Dithiothreitol, Pharmacia nr. 80-1128-79
jodoacetamide, Fiuka nr. 57 670

820603 Glutaraldehyde 25 % solution

3.2 Materials

1336 - Flasks with screw neck “Iso”, with pierced stopper, 11
8076 Forceps for microscope slides
Eppendorf Save-Lock reaction tubes, 2 mi, Eppendori nr. 0030 120,094
Microtubes Eppendorf, 1,5 ml, Eppendorf nr. 0030.102.002
Fast Electrophoresis System PHASTSYSTEM, Pharmacia nr, 18-1018-24
Eppendorf Thermomixer, Eppendorf nr. 5437 000.010
93301 - Magnetic stier, heated, IKA RET
116307 - Erenmeyer flask, RN, 100 m!
1168315 - idem, 1 000 ml
304102 - Volumetric flasks, class A, RN stopper, PE, 20 ml
304105 - idem, 100 ml
304106 - idem, 200 m|
304108 - idem, 1000 ml
304110 - idem, 2 000 m|
334802 - Micropipette Socorex, adjustabie, 50 - 200 pl
334803 - idem, 200 - 1000 ul
334804 - PP tips, yellow, 5 - 200 ul
334805 - PP tips blue, 200 - 1 000 i
334801 - idem,0,5-5ml
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Varipipette 4810, adjustable, 1 - 10 yl, Eppendori nr. 4810.000.045
334902 - PP tips white, 0,5-5 m|

Eppendor tips, 10 ul, Eppendorf nr. 0030.063.651

4 PREPARATION OF REAGENTS

4.1 Incubation buffer

411  Tris buffer, pH 6,80 (1,0 M}

into a 100 ml beaker weigh 12,1 g Tris(hydroxymethyl)aminomethane. Dissolve in about 80 ml
water. Adjust the pH with 8M hydrochloric acid (pH-meterl). As the pH approaches near 7.0,

adjust carefully drop by drop to exactly 6,80. Transfer the solution to a 100 ml volumetric flask
and complete to the mark with water.

Stored at 4°C, this solution is stable for 1 month.

4.4.2 SDS solution, 20 g/160 mi

Weigh 20 g SDS into a 100 mi volumetric flask. Dissolve in water and complete to the mark.
Stored at room temperature, this solution is stable for 3 months.

41.3 Bromophenol blue solution, 0,05 g/100 mi

Weigh 50 mg bromophenocl blue into 2 100 m! volumetric flask. Dissolve in water and complete o
the mark.

Stored at room temperature, this solution is stable for 3 months.

4.4.4  incubation buffer (stock soiution)
into & 100 mi Erlenmeyer flask with ground neck, pipette in the foliowing order:

- 5 mi Tris buffer (4.1.1)
- 12,5 ml SDS soeiution (4.1.2)
- 10 mi bromophenol biue solution (4.1.3)
- 5,8 mi glycerol (87%)
14,4 ml water

Mix well. Stored =t room temperature, this solution is stabie for one week.
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4.1.5  Incubation buffer {concentrated working solution)
Just before use, pipette into a 10 ml beaker 2 ml of buffer 4.1.4 and add 75 mg DTT. Dissolve

completely by mixing. Prepare the volume dependent on the number of samples to be incubated
(37,5 mg DTT/ml buffer 4.1.4).

4.1.6  Incubation buffer (diluted working solution)

Just before use dilute 1 volume of solution 4.1.5 with 4 volumes of water.

4.1.7 Sampie dilution buffer

Dilute 1 volume of solution 4.1.4 with 4 volumes of water.
Stored at room temperature, this solution is stable for one week.

41.8 Hydrochleric acid solution, about M

Into a suitable flask containing 1 volume of water, slowly pour 1 volume of fuming HCI (87 %). Mix
and allow to cool.

4.2 Alkyiation solution {2,0 M)

4.2.1  Tris buffer, pH 8,6

Into a 100 ml beaker weigh 12,1 g Tris(hydroxymethyl)aminomethane. Dissolve in about 25-30 i
water. Adjust the pH with 68 M HCI (pH-meter!). As pH approaches 8,2 adjust carefully drop by

drop to exactly 8,0. Transfer the solution to a 50 mi volumetric fiask and complete to the mark
with water.

Stored at 4 °C, this solution is stable for 1 month.

422 Alkylation solution

Just before use, weigh 540 mg icdoacetamide into a test tube and dissolve in 3 mi Tris buffer
{4.2.1) by mixing on a Vortex.

4.3 Soiutions for silver staining

Note : [t is recommended to prepare solutions 4.3.5 (Fixing sol.), 4.3.6 (Staining sol.) and 4.3.7
(Developing sol.) at least 48 hours before use in order to obtain an optimal activity and
sensitivity of staining.

Furthermore, to avoid contamination of these solufions, it is advisable fo treat all the
glass flasks with detergent (e.g. RBS) and to rinse then well with distilled water bsfors
use.
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When all the sclutions are ready to use (also washing solutions), transfer them into one-
litre flasks with pierced stoppers, also treated with detergent and ninsed, and djrectly
connect them to the to the PHASTSYSTEM development Unit.

4.3.1  Wash solution 1 (30 % ethanol and 10 % acetic acid)

Into a 1 000 mi volumetric flask, pipette 300 ml ethanol and 100 ml glacial acetic acid. Complete

to the mark with water.
Stored at room temperature, this solution is stable for 1 month.

4.3.2 Wash solution 2

Nano-pure water : Use either redistilled water or purified water by a Milli-Q system from Millipore
(or equivalent), of a resistivity 215 MQ$cm,

4.3.3  Wash soiution 3 (5 % acetic acid)

Into & 1000 ml volumetric flask, pipette 50 mi glacial acetic acid. Complete to the mark with

water.
Stored at room temperature, this solution is stable for 1 month.

4.3.4  Preserving solution {~ 26 % glyceroi)

Into & 1 000 mi volumetric flask, pipeite 300 ml glycerol about 87 %. Complete to the mark with
water,

Stored at room temperature, this solution is stable for 1 menth.
4.3.5 Fixing solution

Stock solution : Into a 1 000 mi volumetric flask, pipette 300 mi ethanol, 100 ml of a 4M sodium
acetate solution (54,43 g sodium acetate trihydrate/100 ml water) and 500 mi
water. Adjust to pH 6,0 with acetic acid (pH-meter 1), then complete to the mark
with water.

Final solution :  Intc a 1000 ml volumetric flask, weigh 1,6 g sodium thiosulfate pentahydrate
and pipette 20 mi glutaraidehyde 25 % solution. Dissolve and complete to the
marx with stock solution.

Stored at room temperature, the final solution is stable for 1 monih.

4.3.6  Staining solution

Stock selution © into a 1000 mi volumetric flask, weigh 1,00 g silver nitrate. Dissolve and
complete to the mark with water,

Final solution :  Add 285 yl of formaldehyde sol. min. 235 % to 1 000 mi stock solution,
H ¥
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Stored at room temperature, the final solution is stable for 1 month.

4.3.7 Developing solution

tock solution : Into a 1 000 ml volumetric flask, weigh 25,00 g anhydrous sodium carbonate.
Dissolve and compiete to the mark with water.

Final solution:  Add 424 pl of formaldehyde sol. min. 35 % to 1 000 ml stock solution.

Stored at room temperature, the final solution is stable for 1 month.

4.4 Protein reference solution

Dissolve the contents of a "Protein Calibration Kit" vial in 1000 pl incubation buffer 4.1.6.
Transfer the whole volume into a reaction tube, close the tube and incubate the solution for
10 min. in a boiling water bath or for 15 min. in a Thermomixer set at 95°C. Cool to room
temperature and add 200 gl alkylation solution (4.2.2). Allow to react for 20 min. in the dark.
Divide this solution into 50 I portions, by pipetting 50 pl in Save-Lock reaction tubes.

Stored at -20 °C, the solution is stable for 1 month.
It contains the following amounts of proteins per 1 200 pi solution :

121 pg a-lactalbumin, molecular weight MW = 14 kD

80 pg soy trypsin inhibitor, MW =20,1 kD
83 ng carbonic anhydrase, MW =30 kD
147 ug ovalbumin MW =43 kD
83 ng BSA (bovine serum albumin) MW =87 kD
64 ug phosphorylase b MW =94 kD
5 PROCEDURE |

With each series of analysis run an appropriate reference sample.
5.1 Preparation of the test portion

3.1.1  Powdered products

into a test tube with screw cap or into a Save-Lock reaction tube, weigh a test portion
corresponding to 1,2 mg N. For a product containing 1,96% total nitrogen, weigh 61,2 mg.

5.1.2  Starch for hypoallergenic milk

into 2 test tube with screw cap or into a Save-Lock reaction tube, weigh a test portion that
Corresponds, after having diluted the final extract 15 times, to 0,067 pg N of finished product (i.e.
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hypoallergenic milk with starch) deposited on the gel. For a finished product containing 2,38 %
total nitrogen and 14% starch, weigh 14,1 mg starch.

5.1.3  Liquid products and protein hydrolysates (liquid and powdered, e.g. LAD)

Into a 100 ml volumetric flask weigh a test portion corresponding to 0,15 g N. For a product

containing 0,26 % total nitrogen, weigh 58,0 g.
Fill up to the mark with water and mix well.

5.2 Incubation

5.2.1  Powdered products and starch

Using a pipette add 1 ml incubation buffer (diluted working solution 4.1.8) to the test portion (5.1.1
and 5.1.2). Close the tube and mix well on a Vortex. Incubate the solution either for 10 min. ina
boiling water bath or for 15 min. in a Thermomixer set at 85 °C.

5.2.2  Liquid products and protein hydrolysates

Into a test tube with screw cap or into a Save-Lock reaction tube pipette 320 ul solution (5.1.3)
and add, by means of a pipette 80 ul incubation buffer {(concentrated working solution, 4.1.5).

Close the tube and mix well on a Vortex. Incubate the solution either for 10 min. in a boiling water
bath or for 15 min. in a Thermomixer set at 95 °C.

5.3 Alkylation

Allow the tubes to cool for some minutes and pipette 200 pl alkylation solution (4.2.2) into each
tube incubated according to 5.2.1, and 80 ul alkylation solution (4.2.2) into each tube incubated
according to 5.2.2. Mix. Close again and aliow to react for 20 min. in the dark.

At this step, if the electrophoresis cannot be performed on the day of preparation, the samples
can be stored ovemight at +4 °C or for 1 month at -20 €.

5.4 Working dilutions of protein reference solutions and sample solutions

5.4.1  Protein reference solutions

a} Dilution to obtain about 0,8 ng of each marker protein / ul:
Bring one vial containing 50 ul of solution 4.4 to room temperature. Using a pipette add
4,95 ml of solution 4.1.7 and mix well.

b) Diluticn to obtain about 0,08 ng of each marker protein / i :
Mix 1 volume of solution a) with 9 volumes of solution 4.1.7

Prepare these solutions on the day of use,
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5.4.2 Sample solutions

5.4.2.1 Starch

a) Dilution to obtain a solution containing the amount of starch present in 0,067 ug N of finished
productin 1 ul ;
To 50 pl of solution obtained under 5.3 add, using a pipette, 700 il of solution 4.1.7

b} Dilution to obtain a solution containing the amount of starch present in 0,033 ug N of finished

productin 1 pl :
Mix 1 volume of solution a) with 1 volume of solution 4.1.7

5.4.2.2 Powdered and liquid products - hypoallergenic formulas, protein hydrolysates
{H.A)

a) Dilution to obtain a solution containing 0,067 ug N in 1 pi:
To 50 pl of solution obtained under 5.3 add, using a pipette, 700 pl of solution 4.1.7

b) Dilution to obtain a solution containing 0,033 pug N in 1 pl:
Mix 1 volume of solution a) with 1 volume of solution 4.1.7

5.4.2.3 Powdered and liquid products - extensively hydrolysed formulas (e.g. Alfaré),
protein hydrolysates (e.g. LAD)

a) Solution containing 1 ug N in 1 pi : Use solution obtained under 5.3 as is ready for use.

b} Dilution to obtain a solution containing 0,5 pg Nin 1 ul:
Mix 1 volume of solution obtained under 5.3 (a) with 1 volume of solution 4.1.7

5.5 Electrophoresis with PHASTSYSTEM

5.5.1 Electrophoretic separation

Wear gloves to avoid contact with the gels and to prevent coniaminations. It is advisable to use
non powdered gloves.

For particular details of use concerning the PHASTSYSTEM, refer to the instruction manual
(Pharmacia).

Bring one or two gels (depending on the number of samples) and the appropriate number of
SDS-buffer strips (two for one gel and four for two gels) to room temperature some minutes
before beginning electrophoresis.

Also bring sampies to room temperature if stored at -20 °C or +4 °C.

Switch on the PHASTSYSTEM and set the temperatura of the separation unit to 15 °C.
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Remove the gels from their pocket and bend up the small tab in order to hold them easily with a
flat tweezer.

Carefully apply the gels in the separation unit on the gel bed area and do not forget to remove the
protecting film.

Pasition the buffer strips holder over the gels and place the SDS-buffer strips in the holder,

Pull down the electrode holder over the SDS-buffer strips and press gently to obtain an optimal
contact between the electrodes and the buffer strips to the gels.

Pull down the sample applicator arm and close the separation compartment lid.

Keep the separation compartment closed until samples are ready for electrophoresis, in order to
prevent contaminations on the gels (contact with dust in the air,...).

Prepare the sample-well stamp onto a table with the wells facing upwards.

Cover with a piece of parafilm and run a pen or other hard object along the lane of eight wells, in
order to make depressions in the parafilm.

Pipette 3 pl of each sample and protein reference solutions directly into the corresponding wells
on the parafiim. Make sure there are no air bubbies.

Lower a sample applicator 8/1 (8 samples / 1 pl of each on the gel) to the surface of the samples,
so that, just by touching, they climb into the applicator capiliaries. Avoid samples climbing the
sides of the applicator.

This operation should be carried out with a steady hand on a very stable surface.

The amount of samples loaded on the applicator, when applied to the gel, comesponds to
approximately 1 pl of each sample.

Slide the sample applicator into the applicator arm, into the slots nearest the cathode (-).
Do not press down on the applicator arm otherwise the samples may touch the gel surface.

Close the separation compartment lid and start the following separation program

SEPARATION PROGRAM :

SAMPLE APPL. DOWNAT X2 000 Vh

SAMPLE APPL. UPAT X3 000 Vh

EXTRA ALARM TO SCUND AT A4 000 Vh

SEP. X1 250V 05.0 mA 3W  15°C 001 Vh
SEP. X.2 250V 03.0 mA 3W  15°C 002 Vh
SEP. X.3 250 V 10.0 mA 3W 15°C 116 Vh

SEP. X4 050V 00.5 mA 2W 15°C 000 Vh
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The total run time is about 35 minutes.

5.5.2 Development

Before using the development unit, make sure the chamber and tubings are clean, to avoid
precipitation on the gels.

It is advisable to rinse the system just before developing the gels (for example during the
separation), once with distilled water and with each solution for silver staining.

At the end of the electrophoretic separation, open the separation compartment lid, discard the

sample applicators and the SDS-buffer strips and remove the gels from the gel bed, holding them
with a flat pincer.

Place the gels face to face into the development chamber.

Close the development unit and start the following development program :

DEVELOPMENT PROGRAM :
SOLUTION N OUT  fmin)  T(°C)

Step 1 WASH SOLUTION 1 3 0 4 50
Step 2 WASH SOLUTION 1 3 0 4 50
Step 3 FIXING SOLUTION 4 0 8 40
Step 4 WASH SOLUTION 2 5 0 3 50
Step 5 WASH SOLUTION 2 i 0 3 50
Step 8 WASH SOLUTION 2 5 0 3 50
Step 7 WASH SOLUTION 2 5 0 4 50
Step 8 WASH SOLUTION 2 5 0 4 50
Step 9 STAINING SOLUTION 8 0 10 40
Step 10 DEVELOPING SOLUTION 7 0 0.4 30
Step 11 DEVELOPING SOLUTION 7 0 g 30
Step 12 WASH SOLUTION 3 8 0 2 50
Step 13 WASH SOLUTION 2 5 0 3 50
Step 14 PRESERVING SOLUTION 9 0 3 50

Step 15 WASH SOLUTION 2 5 0 0.1 40
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Note ! Depending on the difference of sensitivity from an assay to another, incubation time can
be modified for Step 11 (Developing step) between 6'to 11",
Usually, sensitivity increases when prolonging incubation fime, and vice-versa.

5.5.3 Drying the gels

After development, remove the gels from the development chamber and allow them to dry
overnight at room temperature. When dried, the gels can be kept indsfinitely.

6 CALCULATION, EXPRESSION AND INTERPRETATION OF THE RESULTS

6.1 Visual evaluation of the gel and expression of results

Staining sensitivity and evaluation of samples is reliable only if at least all but one bands of the
protein reference solution containing about 0,08 ng of each marker protein/ul (5.4.1) are visible.

inspect the electropherograms of both sample concentrations (0,033 and 0,067 ug N or 0,5 and
1 pg N respectively).

Observe whether there are any distinct or diffuse bands corresponding to a MW > 14 kD in both
samples and reference sample.

Observe whether there are any distinct bands corresponding to the molecular weights of «-
lactalbumin, B-jactoglobulin (MW, ~ 18 kD), BSA or trypsin (MW ~ 24 kD).

In the case of a positive result, note the proteins observed or the approximate molecular weights
of the bands, their intensity (weak, strong) and their appearance (distinct, diffuse).

Note whether the intensity of the bands observed in the sampie is stronger than in the reference
sample.
8.2 Autocontrol procedure

Reference sample:

Include in each series of analysis a reference sample with a known electrophoretic profile.
Stored ai-20 °C, this sample can be kept for at least 24 months.

8.3 Detection {limit

When applying on the gel a sample solution containing 0,067 pg N, about 0,02 g/100 g protein
equivalents of LG, BSA and «-lactalbumin may be detected ; when applying 1 ug N, about
1 mg/100 g may be detected.
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7 ANALYTICAL FLOW SHEET

See Enclosure 2.
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ANALYTICAL FLOW SHEET

Critical points

Weigh test portion:

Powders : 61,2 mg if product contains 1,96 % TN
Starches : 14,1 mg if finished product 2,38 % TN and 14 % starch
Liquids . 58,0 g if product contains 0,26 % TN

Fill up to the mark with water

Incubation :

Powders and starches (5.2.1): add 1 mi incubation buffer 4.1.6
Liquids and hydrolysates (5.2.2): 320 uyl sample sol.
+ 80 pl incubation buffer 4.1.5

Prot.ref.sol.(4.4): content of vial + 1 000 1 incubation buffer 4.1.8

10 min. at 100 °C or 15 min. at 85°C

1

Alkylation ;

Prot.ref.sol.(4.4): add 200 pl alkylation sol. 4.2.2
Powders and starches (5.3): add 200 pl alkylatian sol. 4.2.2
Liquids and hydrolysates {5.3); add BO p! alkylation sol. 4.2.2

20 min. at room temperature in the dark

Dilutions:

Protein ref. solutions:
@) 0,8 ng/uk 50 pi sol. 4.4 + 4,95 mi sol. 4.1.7
b) 0,08 ng/ul: 7 volume sol. ) + 9 volumes sal, 4.1.7

Starches:
@) 0,067 pg Nipi: 50 pi sol. obtained under 5,3 + 700 i sol. 4.1.7
o) 0,033 pg N/ul: 1 volume sol. a) + 1 volume sol. 4.1.7

@) 0,067 ug N/ul 50 yl sol. obtained under 5.3 + 700 pl sal. 4.1.T.
b) 0,033 ug N/l 1 volume sol. a) + 1 volume sol. 4.1.7

Powders and liquids - extensiveiy hydrolysed formulas {e.g. Alfaré),
nydroiysates (e.g. LAD};

2} 1,0 pg N/pb: sclution cbiained under 5.3 as is

h) 0,5 ug N/uk 1 volume sol. g) + 1 volume sol. 4.1.7

Powders and liquids - hypoallergenic formulas, hydrolysates (H. A}
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Steps

-~

|[Electrophoresis:

Refer to Separation program

Silver staining Development:

Refer to Development program

Drying:

Allow the gels to dry at room temperature

Evaluation

LI-08.086

Milk powders
Proteins and protein
fragments -
Electrophoresis

Enclosurs 2

Critical paints

- Wear non powdered gloves

- For PHASTSYSTEM use, refer to tha Pharmacia
instruction manual

- Do not forget to remaove the protecting film when
gels are ready on the gel bed area

- Keep separation compartment closed to prevent
contaminations (dust,...)

- Steady hand and no air bubbles when applying
samples (parafilm) and when loading them into
the sample applicator

- For preparation of sclutions, use glass flasks
treated with detergent and rinsed with
distilled water

- Prepare Fixing, Staining and Developing solutions
at least 48 hours before use

- Before developing, rinse the system with distilled
water and with working solutions

- Place the gels face to face into the develepment
chamber



